stands. A total of 107 plots were investigated. The quality of host-plants in these plots differed due to variation in soil quality, mineral nutrition, water availability, crop density, cultivar and weather variation. (b) At Sedlec (50°10'N, 14°30'E) aphids were monitored in 1989-1994, in small experimental plots established for the routine testing of new cultivars. Aphids were counted in 161 plots of 54 established and new cultivars of which only 11 were grown throughout the whole experimental period. The wheat was sown in a series of 1.4 × 7 m (10 m 2 ) plots, in the 4 th year of a 10-year crop rotation system, and grown under optimum conditions. Mineral fertilisers were applied at standard doses 120 kg/ha N, 120 kg/ha P and 160 kg/ha K. Agricultural practices recommended for wheat growing in the Czech Republic (Š������ 1982) were followed, except for the applications of insecticide.
Aphids were counted weekly or at 3-4 d (1990) intervals, from before aphid immigration until their disappearance from the crop. Each time, 30-300 tillers were examined, depending on aphid abundance. At Prague-Ruzyně, the aphids on leaves (including leaf sheaths) and on ears were recorded separately, except in 1991 when only the numbers on ears were recorded. The tillers were selected at random at 2-5 places within each experimental plot. At Sedlec, aphid numbers were recorded at two fixed places within each plot and on a total of 40 or 60 ears.
For each season and each species, the data from individual plots were fitted by linear regression model in which population growth was linearised by log transformation of population size N on leaves or ears and by expressing time in day-degrees (DD) above the lower development threshold of 5°C. The model corresponding to a density independent exponential population growth was The explanatory variable was the sampling date expressed in DD, which was calculated from the beginning of immigration until the maximum log aphid abundance. The population growth rate r can be considered a field estimate of the intrinsic rate of increase (J������ et al. 1996, 1997) .
To test for deviations from the density independent exponential growth square of the explanatory variable was calculated and subtracted from the model:
If the subtraction caused a significant reduction in deviance, there was evidence of decreasing population growth with increasing aphid density. Calculations were made by use of general linear modelling in GLIM (F������ et al. 1994) .
RESULTS
The population growth of individual species significantly differed between species and years (ANOVA interaction between species and years: F = 7.16; df = 12, 1253; P < 0.0001). The population growths of Sitobion avenae significantly differed on leaves and ears (interaction: F = 10.41, df = 7, 562; P < 0.0001). The growth rates of individual species also significantly differed among years (Metopolophium dirhodum: F = 42.87; df = 7, 463; P < 0.0001, R 2 = 57%; Rhopalosiphum padi: F = 9.88; df = 5, 226; P < 0.0001, R 2 = 50%; S. avenae, leaves: F = 88.71, df = 7, 251, P < 0.0001, R 2 = 24%; S. avenae, ears: F = 8.67, df = 9, 320, P < 0.0001, R 2 = 25%). R. padi colonised the whole plant. Its rate of increase was the lowest and the least variable of the three species. The populations grew monotonically in an exponential way. The regression estimates of its field intrinsic rate of increase ranged between 0.00078-0.0061.
M. dirhodum was the dominant species on leaves and avoided ears. It was the species with the fastest growth on leaves. Its field estimate of the intrinsic rate of increase was between 0.010-0.026. Its population growth significantly (F = 2.98; df = 8, 456; P = 0.003 ) decreased with increasing aphid density in seasons with the highest exponential growth.
S. avenae was dominant on ears but also occurred on leaves. On leaves, the field estimates of intrinsic rate of increase ranged from an extremely high 0.15 (1995) to negative values (1988 and 1996) . These extreme values appeared at low aphid abundances and were biased by the migration pa�ern between leaves and ears. In 1995, the aphids had migrated to winter wheat stands very late, and shortly a�erwards moved from leaves to ears. The high value of population increase thus reflected the massive migration to stands in late spring rather than population growth. The negative values in 1988 and 1996 are explicable by adverse conditions for aphid development a�er immigration to wheat stands (cf. H���� & M��������� 1999). The negative growth was a consequence of a time lag between immigration to stands and population growth that started not earlier than a�er the aphids migrated from leaves to ears. The unbiased field estimates of the intrinsic rate of increase a�ributable to population growth on leaves were rather low and ranged between 0.00078-0.0061. The estimates did not decrease with increasing density. On the other hand, on ears S. avenae grew fastest of all species. The field estimates of the intrinsic rate of increase ranged between 0.0015-0.13. Similarly to M. dirhodum on leaves in seasons with the highest increase its population growth significantly (F = 7.47; df = 10, 311; P < 0.0001) decreased with increasing aphid density.
DISCUSSION
Rhopalosiphum padi with the lowest, least variable and monotonically increasing population growth is a generalist, adapted to a cool and humid microclimate (L������ et al. 1989 ) that does well in dense wheat stands (H���� 1991a,b) . Its unconstrained exponential growth is probably a consequence of its rapid adaptation to changes in environmental quality by an increasing tendency to migrate on and between host plants. By contrast, the decreasing rate of population growth with increasing density in Metopolophium dirhodum (a species that has the fastest growth on leaves) can be a consequence of its restricted distribution. The species is confined to leaves and an emigration as the leaf space becomes limiting is prevented.
The slow and monotonical increase of S. avenae on leaves can be a direct response to the cool and humid microclimate that prevails on the leaves within a wheat stand. S. avenae prefers a warm dry microclimate (H���� 1985) , and its rate of population growth is lower on leaves than ears (S������� et al. 1994) . The rate of population growth on leaves did not decrease with increasing density probably because of emigration to ears (C�������������-������ et al. 1991) . By contrast, the decrease of the rate of population growth on ears as density increases is attributable to the limited surface area of ears (H���� et al. in prep.) .
The time lag between immigration to stands and population growth on leaves that caused the negative values of population growth in seasons with low aphid abundance conforms to the results of C����� and D���� (1981) . They interpreted a population decrease caused by this time lag as an alternative explanation to the 'natural enemy ravine' suggested by S�������� and C����� (1976) .
The decelerating population growth of M. dirhodum on leaves and S. avenae on ears as density increases is a consequence of intraspecific competition, which increases in severity as abundance increases and the carrying capacity of the environment is approached. This typically can mean that either the population becomes crowded within the limited space provided by the plant part available for the aphid colony or the quality of the food resource deteriorates in time as a consequence of aphid feeding and plant senescence. Intraspecific interactions were frequently revealed by numerous studies of crowding effects (D���� 1985) . Increasing population density decreases adult body size and fecundity and triggers alata production. These processes decelerate population growth as density increases and thus decrease maximum abundances attained by the population.
On the other hand, predators and parasitoids have little impact on aphid population dynamics (K�������� et al. in prep.) . They are not the cause of the decelerating population growth (J������ et al. 2003) . Similarly, weather variables oscillating with 'normal' limits affect the population dynamics very little (J������ & D���� 1999) . A possible reason is that most meteorological factors, to density dependent factors, manifest themselves through their effect on plant quality rather than directly (J������ & D���� 1999) . 
